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Abstract 
In this research, the amorphous-type cordierite (2Mg.2Al2O3.5SiO2) was synthesized by the Pechini method. After calcination at 
800 ºC, the powder was pressed to form disk pellets which were sintered at 1200, 1250 and 1300 ºC. The structural information of 
the synthesized glass ceramic cordierite phases have been obtained by X-ray diffraction (XRD) when the sintering processes 
performed by increasing the temperature. The SEM-micrographs of the glass ceramic showed a uniform distribution of particles in 
the structure. The sizes of the produced nanocrystallite grains were found to be in the range of 27-100 nm. Furthermore, we 
determined refractive index (n), extinction coefficient (k), real and imaginary dielectric coefficients as a function of wavenumber 
(K) by using Kramers-Kronig dispersion transformations. 
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1. Introduction 
Cordierite glass ceramics, due to having high compression, low thermal expansion coefficient and desirable 
electrical properties such as low dielectric coefficient are widely used in different industries. There are several methods 
for synthesizing cordierite glass ceramic and are reported by Okiyama et al. (1992), Petrovic et al. (2003),  Lee et al. 
(2006) such as sol- gel, Pechini, solid state reaction and so on. 
In this research we prepared cordierite glass ceramic by the Pechini method which has several advantages versus 
other methods. The pure and homogenized final products with high stoichiometry and low cost preparation equipment 
and raw materials are the main advantages for this method. Furthermore, some optical properties were determined by 
using Kramers-Kronig dispersion relations. 
2. Experimental Procedure 
2.1. Materials 
Magnesium nitrate [(Mg (NO3)2.6H2O), 99.5%], aluminium nitrate [(Al (NO3)3.9H2O), 95.0%], citric acid [C6H8O7, 
99.5%], ethylene glycol [(EG), ı 99.0%], and SiO2 [99.0%], were purchased from Merck (Germany). To prepare 1gr 
of cordierite powder according to the Pechini method; 0.73 gr Mg (NO3)2.6H2O, 2.56 gr Al (NO3)3.9H2O, 0.5 gr SiO2, 
0.65 gr CA, and 2cc EG are required. 
2.2. Preparation of nanocrystalline cordierite by Pechini method 
The preparation of nanocrystalline cordierite has been explained previously, Nadafan et al. (2015). As briefly, 
magnesium nitrate and aluminium nitrate were dissolved in deionized water by steady stirring. Then, citric acid was 
added to this solution, used for chelating metallic ions. In the next step, SiO2 and EG were added to the solution until 
saturation was reached. The temperature of solution increased in a steady stage within 1-2 hour to 90-100 ۬C until the 
solution changed to resin. Further calcinations processed at 800 ۬C for several hours. After calcinations, the powder 
was milled for several hours. The nanocrystalline cordierite glass ceramics were sintered at various temperatures of 
1200, 1250, and 1300 ۬C.  
3. Result and Discussion  
3.1. XRD Analysis 
The X-ray diffraction data clearly confirm the crystalline phase of the synthesized samples. The sizes of the 
produced nanocrystallite grains were calculated by Debye-Scherrer relation using the XRD patterns. They were found 
about 35 nm. The results show that the average particle sizes of the synthesized cordierite by higher thermal treatment 
are smaller than lower thermal ones. If the temperature was increased, the extra phases of glass ceramic would be 
omitted and the cordierite phase just would be remained. More over by increasing the temperature the peaks related to 
cordierite become stronger, sharper and more clear (fig. 1).  
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Fig. 1. X-ray diffraction patterns of the synthesized cordierite by Pechini method sintered at:                                                      
(a) 1300 ˚C; (b) 1250 ˚C; (c) 1200 ˚C for one hour 
3.2. SEM Analysis 
The synthesized samples are analyzed under SEM Seron Technology-AIS2100 model after coating the samples 
with a thin layer of gold. The SEM images of the synthesized cordierite samples showed that the grains of crystalline 
powders formed were almost round shaped (fig. 2). The nanocrystalline sizes were determined to be in the range of
30-100 nm, which is in close agreement with the XRD results. It was found that the size and the number of the grains 
of the nanocrystalline powders increased by raising the calcinations temperature. 
 
 
 
 
 
 
 
 
Fig. 2. SEM imaging of cordierite sintered by the Pechini method at:                                                                         
(a) 1200˚C; (b) 1250˚C; (c) 1300˚C for one hour. 
3.3. Optical properties 
3.3.1. Theory of K-K method 
The refractive index (n), extinction coefficient (k), real and imaginary dielectric coefficients as a function of 
wavenumber (K) are calculated by using Kramers-Kronig transformations and Fourier transform infrared (FTIR) 
transmittance spectra data. The quantity used to discuss the absorption, as a function of the wavenumber, is the 
transmittance (T), which is the ratio of the intensity of the light transmitted through the sample (I) to the incident light 
intensity (Io). Transmittance is usually given by the more common percent transmittance (T%) by T% = 100T. The 
absorption (A) is defined as log10 (1/T), according to Lambert’s principle was given in Swanepoel et al. (1983). 
> @010 10 1( ) log log 2 log( ( )%) ( ) 100 ( ) ( )( )
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where ( )R ω  is the reflectance at a particular wavenumber. For calculating complex refractive index as a function of 
wavenumber the following relation can be used that n and k is related to real and imaginary parts of refractive index, 
respectively. The real and imaginary parts so called refractive and extinction index, relatively.  
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The real and imaginary parts of complex refractive index obtained from the following equations:  
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where ( )R ω is the reflectance and ( )φ ω is the phase change between the reflected incident signals for a particular 
wavenumberω . This phase change can be derived from K–K dispersion relations in the same as was explained by 
Prathap et al. (2006): 
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The real ( cH ) and imaginary ( ccH ) parts of dielectric function can be calculated by the following relations:  
2 2( ) ( ) ( )K n K k Kc  H    (6) 
( ) 2 ( ) ( )K n K k Kcc  H    (7) 
3.3.2. Optical coefficients 
Figures 3 and 4 show the refractive index, n, extinction coefficient, k, real and imaginary parts of dielectric 
coefficients of nanocrystalline cordierite as a function of wavenumber for the sintered samples at 1300 and 1250 ºC, 
respectively. 
 
Fig. 3. Calculated real (n) and imaginary (k) parts of the refractive index, real ( cH ) and imaginary ( ccH ) parts of the dielectric function, in the 
spectral region of 400–2000 cm-1 for the synthesized cordierite by the Pechini method at 1300 ºC. 
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Fig. 4. Calculated real (n) and imaginary (k) parts of the refractive index, real ( cH ) and imaginary ( ccH ) parts of the dielectric function, in the 
spectral region of 400–2000 cm-1 for the synthesized cordierite by the Pechini method at 1250 ºC. 
According to the above figures, by increasing thermal treatment for synthesizing nanocrystalline cordierite, the 
dependence of optical coefficients to wavenumber statrts to decrease. It is more obvious that the optical coefficients 
in 1300 ºC have steadier manner than 1250 ºC. Actually, the reflectivity is large in the region where cH is negative 
(reststrahlen region). This region is wider when the crystal is more ionic that was explained by Nakagawa (1974). 
By focusing on figs. 3 and 4 it is clear that the extinction index for the synthesized cordierite by increasing 
temperature has decreased. One reason which can be mentioned is that the average size of nanocrystallite by increasing 
temperature has decreased. 
4. Conclusion 
The amorphous cordierite nanocrystallites were synthesized by the Pechini method. The sizes of the produced 
nanocrystallite grains were calculated in the range of 27-100 nm. The refractive index (n), extinction coefficient (k), 
real and imaginary parts of the dielectric coefficients as a function of wavenumber (K) were determined by using 
Kramers-Kronig dispersion transformations. 
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